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PIXEL DEFECT REMOVING CIRCUIT FOR 
SOLID-STATE IMAGE PICKUP DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a circuit for remov 

ing pulse noise components superposed on a video sig 
nal delivered from a solid-state image pickup device 
having pixel defects. 

2. Description of the Prior Art 
In image pickup devices such as video cameras, solid 

state pickup devices are often used in the optoelectric 
conversion unit. When the output signal of the solid 
state image pickup device is displayed by a monitor 
device and the video signal is observed, pixel defects 
known as white spots or black spots are sometimes 
observed in the picture. Such pixel defects are very 
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SUMMARY OF THE INVENTION 

It is hence a primary object of the invention to pres 
ent a device for favorably removing pulsive pixel de 
fects existing only on one pixel, without removing the 
?ne line segments in oblique directions to the scanning 
line direction and without sacri?cing the ?ne line seg 
ments extending in the vertical direction to the scanning 
line direction, being effective relative to pixel defects 
occurring after shipping of products, and without re 
quiring fabrication of a PROM corresponding to each 
device. - 

To achieve the above object, the invention presents a 
pixel defect removing circuit which comprises a pixel 
value group sampler for receiving a video signal, and 
delivering a pixel value of a pixel of notice noted at a 
certain time t and a group of proximal pixel values con 
sisting of pixel values of proximal pixels adjacent two 

obvious even if they are Small in Size’ and pickup de, 20 dimensionally around the pixel of notice, a candidate 
vices having pixel defects cannot be used as a commer 
cial product, so that the production yield is lowered. 
Also, pixel defects can occur even after shipping of 
products. These problems are peculiar to the solid-state 
image pickup device, and present serious obstacles to 
their use. 

Hitherto, as the means for solving the above prob 
lems, in a ?rst example, as shown in US. Pat. No. 
4,473,845, onset positions of pixel defects are stored in a 
PROM or the like, and the pixel defects are corrected 
by using the preceding and succeeding pixels on the 
scanning line at a timing when the output of the solid 
state image pickup device corresponds to the stored 
position in the PROM. 

In this ?rst prior art example, the PROM is required 
as the means for storing the position of pixel defects. 
However, since the position of the pixel defects occur 
ring in the solid-state pickup device varies from device 
to device, it is necessary to investigate the pixel defect 
position in each device and prepare a corresponding 
PROM, which requires too much labor. Further, this 
method is useless for pixel defects occurring after ship 
ping of products. 
As a second example, as disclosed in the Japanese 

Laid-open Patent Application Sho. 61-261974, pixel 
defects are detected by comparison of a pixel of notice 
with adjacent pixels positioned in the scanning line 
direction or in the direction vertical to the scanning line 
direction with respect to the pixel of notice, and the 
signal value of the pixel of notice is replaced by the 
value of one preceding pixel or the mean value of the 
preceding and succeeding pixels, so that the detected 
pixel defect is corrected. 

In the second prior art example, when detecting pixel 
defects, attention is paid only to the scanning line direc 
tion or the direction vertical to the scanning line direc 
tion. However, since no comparison is made with re 
spect to pixels in oblique directions, ?ne line segments 
in oblique directions to the scanning line are detected as 
pixel defects, and all line segments in oblique directions 
may be removed. Also, when correcting pixel defects, 
the pixel value is replaced by one preceding pixel or the 
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mean value of preceding and succeeding pixels, but if 65 
there is a pixel defect on a ?ne line segment extending in 
the direction vertical to the scanning line direction, the 
line segment may be cut off as a result of correction. 

pixel value group sampler for delivering a group of 
plural candidate pixel values as candidates for a pixel 
value to be ?nally delivered from the circuit out of the 
group of proximal pixel values, a noise detector for 
performing an operation between the pixel value of the 
pixel of notice and the candidate pixel values to judge 
whether a pulse noise is included in the pixel of notice, 
and delivering a pixel selection signal to instruct which 
pixel value should be delivered out of the pixel value of 
the pixel of notice and the candidate pixel values on the 
basis of the result of judgement, and a pixel value selec 
tor for selecting and delivering one pixel value from 
among the pixel value of the pixel of notice and the 
candidate pixel values on the basis of the pixel selection 
signal. 

In this constitution, the pixel value group sampler 
may preferably pick up pixel values of 3 X 3 pixels out of 
three continuous scanning lines, and de?ne a central 
pixel as the pixel of notice and the remaining pixels as 
the proximal pixels. Further, the candidate pixel value 
group sampler may preferably deliver, as the candidate 
pixel values, two pixel values possessing a maximum 
pixel value and a minimum pixel value, respectively, in 
the proximal pixels. Meanwhile, the candidate pixel 
value group sampler may preferably deliver, as the 
candidate pixel values, two pixel values possessing a 
maximum value among Po and a smaller one of Pr and 
P1, that is, max (min (Pr, P1), P0), and a minimum value 
among Po and a larger one of Pr and P1, that is, min 
(max (Pr, P1), P0), supposing a pixel value of a pixel 
existing at the closest position in a pixel group existing 
in the right direction on a scanning line containing the 
pixel of notice to be Pr, a pixel value of a pixel existing 
at the closest position in a pixel group existing in the left 
direction on the scanning line to be P], and pixel values 
of pixels excluding Pr and P1 from the proximal pixels to 
be Po. 

This constitution, which does not require the prepa 
ration of a PROM corresponding to each device, is 
effective relative to pixel defects occurring after ship 
ping of products, and makes it possible to favorably 
remove pulsive pixel defects existing on one pixel only, 
without removing the fine line segments in the oblique 
direction to the scanning line and without sacri?cing 
the ?ne line segments extending in the vertical direction 
to the scanning line. 



5,327,246 
3 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts an overall con?guration in an embodi 
ment of the invention. 
FIG. 2 depicts a con?guration of a pixel value group 

‘ sampler in an embodiment of the invention. 
FIG. 3 depicts a con?guration of a candidate pixel 

value group sampler in a ?rst embodiment of the inven 
tion. 
FIG. 4 depicts a con?guration of a noise detector in 

an embodiment of the invention. 
FIG. 5 depicts a con?guration of a pixel value detec 

tor in an embodiment of the invention. 
FIG. 6 depicts a con?guration of a candidate pixel 

value group sampler in a second embodiment of the 
invention. 
FIG. 7 is a layout diagram of a pixel of notice and 

proximal pixel group in one embodiment of the inven 
tion. 
FIGS. 8(a) and 8(b) are explanatory diagrams related 

to the operation of the ?rst embodiment of the inven 
tion. 
FIGS. 9(a), 9(b) and 9(0) are explanatory diagrams 

related to the operation of the second embodiment of 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, one of the embodi 
ments of the invention is described in detail below. 

In FIG. 1, a pixel value group sampler 2 receives a 
video signal a entered through an input terminal 1, and 
delivers a pixel value b of the pixel of notice and a 
proximal pixel value group 0 consisting of pixel values 
of NxM — 1 pixels. The NxM - 1 pixels exclude the pixel 
of notice and include pixels in a pixel group which is 
adjacent to and two-dimensionally surrounds the pixel 
of notice and which extends N pixels in the scanning 
line direction and M pixels in the direction orthogonal 
to the scanning line. 
FIG. 2 depicts a speci?c con?guration of the pixel 

value group sampler 2. In FIG. 2, an example of a com 
position of M=N=3 is shown to explain the operation 
of the pixel value group sampler 2, which is composed 
of two vertical delay units and six horizontal delay 
units. The horizontal delay unit delivers a signal by 
delaying the input signal by the scanning time for the 
portion of, for example, one pixel, while the vertical 
delay unit is designed to deliver a signal by delaying the 
input signal by one horizontal scanning time. Mean 
while, FIG. 7 shows a layout example of the pixel of 
notice on the scanning line and proximal pixel group, in 
which pixels numbered from 1 to 8 compose the proxi 
mal pixel group c, and the pixel of notice b is located in 
the center of ‘the proximal pixel group. 

In FIG. 2, the video signal a is connected to a hori 
zontal delay unit 11, and the output of the horizontal 
delay unit 11 is connected to a horizontal delay unit 12. 
When signals are taken out from three positions, that is, 
the input end of the horizontal delay unit 11, the output 
end of the horizontal delay unit 11, and the output end 
of the horizontal delay unit 12, pixel values c3, c2, 01 at 
positions corresponding to proximal pixels 3, 2, 1 in 
FIG. 7 are obtained, respectively. The video signal a is 
also connected to a vertical delay unit 17, and when 
horizontal delay units 13, 14 are connected in series to 
the output end of the vertical delay unit 17, similarly, 
pixel values c5, b, c4 at the positions corresponding to 
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the proximal pixel 5, pixel of notice and proximal pixel 
4 in FIG. 7 are obtained. Furthermore, at the output end 
of the vertical delay unit 17 in FIG. 2, a vertical delay 
unit 18 is connected, and when horizontal delay units 
15, 16 are connected in series to the output end of the 
vertical delay unit 18, similarly, pixel values c8, c7, c6 at 
positions corresponding to proximal pixels 8, 7, 6 in 
FIG. 7 are obtained. When the pixel value group sam 
pler 2 is composed in this manner, the pixel value b of 
the pixel of notice and the proximal pixel value group c 
may be delivered simultaneously from plural output 
terminals. 

In FIG. 1, the candidate pixel value group sampler 3 
delivers a candidate pixel value group from the proxi 
mal pixel value group c delivered simultaneously from 
the pixel value group sampler 2. The candidate pixel 
value group is composed of two pixel values, Ymax and 
Ymin, denoting the maximum pixel value in the proxi 
mal pixel value group c to be Ymax and the minimum 
pixel value to be Ymin. 
FIG. 3 is a speci?c con?guration of the candidate 

pixel value group sampler 3. FIG. 3, in conjunction 
with the explanation of the pixel value group sampler 2, 
shows an example of the composition of candidate pixel 
value group sampler 3 in which the proximal pixel 
group is composed of 8 pixels, comprising a maximum 
value circuit 22 having eight input terminal groups and 
a minimum value circuit 23 having eight input terminal 
groups. The maximum value circuit 22 samples and 
delivers the maximum pixel value (Y max) from among 
the input proximal pixel value group c. The minimum 
value circuit 23 samples and delivers the minimum pixel 
value (Ymin) from among the input proximal pixel 
value group c. 

In FIG. 1, the noise detector 4 judges whether noise 
is contained in the pixel of notice from the pixel value b 
of the pixel of notice delivered from the pixel value 
group sampler 2 and Ymax and Ymin delivered from 
the candidate pixel value group sampler 3, and delivers 
the result of judgement as a control signal. The control 
signal is composed of SELmax which is a signal for 
selecting Ymax, and SELmin which is a signal for se 
lecting Ymin. 
FIG. 4 depicts a speci?c con?guration of the noise 

detector 4, which is composed of two subtractors, two 
comparators, and two threshold setters. A subtractor 33 
subtracts Ymax from the pixel value of the pixel of 
notice, and generates the difference (hereinafter DIF 
max). A comparator 34 compares DIFmax with the 
threshold value delivered from a threshold generator 35 

' (T Hmax hereinafter), and makes active the signal SEL 
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max for selecting Ymax if DIFmax>THmax as Condi 
tion 1, and makes SELmax inactive if Condition 1 is not 
established. A subtractor 36 subtracts the pixel value of 
the pixel of notice from Ymin, and generates the differ 
ence (DIFmin). A comparator 37 compares DIFmin 
with the threshold value delivered from a threshold 
generator 38 (THmin), and makes active the signal 
vSELmin for selecting Ymin if DIFmin>THmin as 
Condition 2, and makes SELmin inactive if Condition 2 
is not established. 

Generally, due to the spatial low pass ?lter effect 
caused by lens a or the like, the amplitude of the high 
frequency component (detail) of the video signal as the 
output of optoelectric conversion element is small, and 
if pulse noise is not contained in the pixel of notice, the 
differential portion of the proximal pixel group with 
respect to the pixel of notice becomes small. Therefore, 
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if THmax and THmin are set extremely small for the 
maximum value of the pixel value, the detail component 
of the video signal may be lost, or if set extremely large, 
the defect itself cannot be detected, and hence it is re 
quired to set properly. 

In FIG. 1, the pixel value selector 5 receives the pixel 
of notice delivered from the pixel value group sampler 
2, Ymax and Ymin delivered from the candidate pixel 
value group sampler 3, and SELmax, SELmin deliv 
ered from the noise detector 4, and delivers any one of 
the pixel value of pixel of notice, Ymax and Ymin to the 
output terminal 1 on the basis of SELmax, SELmin. 
FIG. 5 is a speci?c con?guration of the pixel value 

selector 5, which is composed of one multiplexer 47. 
The multiplexer 47 receives the pixel value of the pixel 
of notice, Ymax and Ymin, and when both SELmax and 
SELmin are both inactive, the pixel value b of the pixel 
of notice is delivered to the output terminal 6, and when 
SELmax is active and SELmin is inactive, Ymax is 
delivered to the output terminal 6, and when SELmax is 
inactive and SELmin is active, Ymin is delivered to the 
output terminal 6. As understood from the explanation 
of the noise detector 4, it is impossible for both SELmax 
and SELmin to be active at the same time due to the 
output conditions of SELmax and SELmin. 

Referring to FIGS. 8(a) and 8(b), the operation of the 
invention is described below. In FIG. 8(a), all pixel 
values of P01, P11, P21, P14 are 100, the pixel value of 
P16 is 0, the pixel value of P18 is 70, and the pixel values 
of all other pixels are 50, and THmax and THmin are 30, 
for example. 

Supposing the pixel of notice to be P11, Ymax deliv 
ered from the candidate pixel value group sampler 3 is 
100, and Ymin is 50, and by the noise detector 4, DIF 
max is 0 and DImin is —50, and Conditions 1, 2 are not 
established, and both SELmax and SELmin are inac 
tive, and the pixel value of the pixel of notice P11 is 
delivered by the pixel value selector 5. When the pixel 
of notice is P01, P21, similarly, the pixel value of P01 or 
P21 is delivered, and the line segment in the vertical 
direction to the scanning line composed of P01, P11, 
P21 will be preserved. The same holds true also in the 
line segment in the oblique direction to the scanning 
line. 
By the way, when the pixel of notice is P14, both 

Ymax and Ymin are 50, and DIFmax is 50 and DIFmin 
is —50, and only Condition 1 is established, and SEL 
max is active and SELmin is inactive, and the pixel 
value selector 5 delivers 50 as pixel value, and P14 is 
replaced to be ?at with respect to the pixel value of the 
surrounding pixels. If the pixel of notice is P16, contrary 
to the operation when P14 was the pixel of notice, only 
Condition 2 is established, and SELmax is inactive and 
SELmin is active, and the pixel value selector 5 delivers 
50 as the pixel value, and P17 is also replaced so as to be 
?at with respect to the pixel value of the surrounding 
pixels. 

Alternatively, when the pixel of notice is P18, DIF 
max is 20 and DIFmin is —20, and either Condition 1 
nor 2 is established, and the pixel value selector 5 di 
rectly delivers the pixel value of P18 as it is, and the 
detail portion included in the original video signal is 
preserved. 

Finally, the output as shown in FIG. 8(b) is obtained, 
and only the pixel defect can be eliminated without 
spoiling the useful video information. 

Incidentally, in the explanation of the pixel value 
group sampler 2, the horizontal delay unit is supposed 
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6 
to delay for the scanning time of one pixel portion only, 
but in a single plate color imaging system, color ?lters 
may be disposed in stripes in the longitudinal direction. 
In such a case, by using horizontal delay units for delay 
ing for the portion of the period of the color ?lters of 
the same color disposed on stripes, pixel defects can be 
removed from the output the solid-state image pickup 
device possessing a striped con?guration of color ?lters. 
As a second embodiment, an example is explained 

next of removing pixel defects contained in the signal 
delivered from the solid-state pickup device having a 
color ?lter arrangement on the basis of single chip CCD 
color difference method. 

In the foregoing ?rst embodiment, that the pixel de 
feet can be removed by comparison between the pixel 
‘of notice and proximal pixel group is realized on the 
?rst condition that the pixel of notice and its proximal 
pixel group are of a similar signal type (for example, 
comparison between brightness signals), and the second 
condition that the pixel defect occurs independently, 
and is low in correlation between the defective pixel 
and proximal pixel. However, nothing has been consid 
ered about the color ?lter arrangement on the basis of 
the single chip CCD color difference method. In the 
single chip CCD color difference method, if the output 
of the solid-state image pickup device is entered in the 
device of the ?rst embodiment directly, other types of 
color differential information is contained among the 
proximal pixels, and the ?rst condition is not estab 
lished, and therefore it is necessary to sample prelimi 
narily the brightness signal or color difference signal 
from the output of the solid-state pickup device. To the 
brightness signal or color difference signal, it is neces_ 
sary to execute ?lter processing. However, by passing 
through the ?lter, the noise component of the defective 
pixel diffuses into adjacent pixels, and the second condi 
tion is not established, and hence it was dif?cult to 
remove the noise in the ?rst embodiment. 
To generate the brightness signal from the output of 

the solid-state pickup device having a color ?lter array 
on the basis of the complete color differential linear 
sequential single chip CCD color system, generally a 
digital ?lter is used having the characteristic of 
(l+Z-1), and the color difference signal is generated 
by using a digital ?lter having the characteristic of 
(l—Z-1), and therefore the defect component is dif 
fused in the scanning line direction. Since the range of 
pixels diffused by the ?lter is within one pixel adjacent 
in the scanning line direction, it is necessary to judge on 
the basis of the proximal pixel group excluding the 
adjacent pixel including the defect from among the 
pixels before and after the pixel of notice. To remove 
the adjacent pixel containing the defect, if the pixel of 
notice has a white spot, the larger one of the preceding 
and succeeding pixels is removed, and if the pixel of 
notice has a black spot, the smaller one of the preceding 
and succeeding pixels is removed. In other words, in the 
proximal pixel value group, the pixel value of the pixel 
‘existing at the closet position in the pixel group existing 
in the right direction on the same scanning line as the 
pixel of notice is denoted Pr, the pixel value of the pixel 
existing at the closest position in the pixel group existing 
in the left direction on the same scanning line is denoted 
P], and the pixel value group excluding Pr, Pl from the 
proximal pixel value group is denoted P0. The white 
spot is judged by comparing the pixel of notice with the 
maximum value from among Po and the smaller one of 
Pr and Pl, that is max (min (Pr, P1), P0). Likewise, the 
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black spot is judged by comparing the pixel of notice 
with the minimum value from among Po and the larger 
one of Pr and P1, that is, min (max (Pr, P1), P0). 
FIG. 1 is a schematic block diagram in a ?rst embodi 

ment of the invention, and the constitution is similar in 
the second embodiment, also, and the following expla 
nation is given by reference to FIG. 1. In FIG. 1, in the 
second embodiment, the input terminal 1 is provided 
with a brightness signal or color difference signal ob 
tained by executing digital ?lter processing on the out 
put of the solid-state pickup device having a color ?lter 
array on the basis of the complete color differential line 
sequential single chip CCD color system. . 

In FIG. 1, the candidate pixel value group sampler 3 
delivers Ymax which is the maximum pixel value from 
among the smaller of pixel values c4 and c5 and the 
remaining proximal pixel values, and Ymin which is the 
minimum pixel value from among the larger of pixel 
values c4 and c5 and the remaining proximal pixel val 
ues, from among the pixel value group c of the proximal 
pixels delivered simultaneously from the pixel value 
group sampler 2. These Ymax and Ymin are candidate 
pixel values. 
FIG. 6 is a speci?c constitutional example of the 

candidate pixel value group sampler 3. In FIG. 6, in 
conjunction with the explanation of the pixel value 
group sampler 2, an example is shown of a constitution 
of the candidate pixel value group sampler 3 in which 
the proximal pixel group is composed of 8 pixels. The 
sampler 3 is composed of a maximum value circuit 51 
and minimum value circuit 50 having two input termi 
nal groups, and a maximum value circuit 53 and mini 
mum value circuit 52 having seven input terminal 
groups. The minimum value circuit 50 delivers the 
smaller one of the pixel values 04 and c5 respectively 
positioned one pixel before and after the pixel of notice 
from among the input proximal pixel value group c, and 
the maximum value circuit 52 samples and delivers the 
maximum pixel value (Y max) from among the output of 
the minimum value circuit 50 and the remaining proxi 
mal pixel value c1, c2, c3, c6, c7, 08. The maximum 
value circuit 51 delivers the larger one of the pixel 
values c4 and 05 respectively positioned one pixel be 
fore and after the pixel of notice from among the input 
proximal pixel value group c, and the minimum value 
circuit 53 samples and delivers the minimum pixel value 
(Y min) from among the output of the maximum value 
circuit 51 and the remaining pixel value c1, c2, c3, c6, 
c7, c8. 

In FIG. 1, meanwhile, the constituent elements other 
than the candidate pixel value group sampler 3 are the 
same as in the ?rst embodiment, and the explanation 
thereof is omitted below. 

Referring now to FIGS. 9(a), 9(b) and 9(0), the opera 
tion of the second embodiment of the invention is ex 
plained below. FIGS. 9(a), 9(b) and 9(a) are partially 
cut-out views of the video signal in one ?eld, in which 
the axes of the scanning line and the component vertical 
to the scanning line are plotted in the horizontal direc 
tion and depthwise direction, respectively, and the pixel 
values are shown in the vertical direction. FIG. 9(a) is 
an example of a signal delivered from the solid-state 
pickup device having a color ?lter array on the basis of 
the complete color differential linear sequential single 
plate color system. For the simplicity of explanation, a 
monochromatic picture is shown. FIG. 9(b) shows a 
signal after execution of a (Lt-2'1) digital ?lter on the 
signal shown in FIG. 9(a), and this ?ltered signal is fed 
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to the input terminal 1 shown in FIG. 1. FIG. 9(a) 
shows a signal delivered from the output terminal 1 
shown in FIG. 1 after input of the ?ltered signal. 

In FIG. 9(a), S01, S11, S21 express sharp line seg 
ments existing in the vertical direction to the scanning 
line, and S14 denotes a white spot and S16 a black spot, 
and S18 expressed a ?ne detail included in the original 
picture. Here, all of the pixel values of pixels S01, S11, 
S21, S14 are 200, the pixel value of pixel S16 is 0, the 
pixel value of pixel S18 is 14-0, and all of pixel values of 
the remaining pixels are 100, for example. In FIG. 9(b), 
by operation of the digital ?lter, all pixel values of pixel 
P01, P02, P11, P12, P21, P22, P14, P15 are 150, the pixel 
values of pixels P16, P17 are 50, the pixel values of 
pixels P18, P19 are 70, and all pixel values of the remain 
ing pixels are 100. 

Suppose THrnax and THmin are both 30. 
Assuming the pixel of notice to be P11, Ymax deliv 

ered from the candidate pixel value group detector 3 is 
150 and Ymin is 100, and at the noise detector 4, DIF 
max is O and DIFmin is —50, and neither Condition 1 
nor 2 is established, and both SELmax and SELmin are 
inactive, and the pixel value of the pixel of notice P11 is 
delivered by the pixel value selector 5. When the pixel 
of notice is P01, P02, P12, P21 or P22, similarly, the 
pixel value of the pixel of notice is delivered, and the 
line segment in the vertical direction to the scanning 
line composed of P01, P02, P11, P12, P21, P22 is pre 
served. The same holds true also in the line segments in 
the oblique direction and horizontal direction to the 
scanning line. 

Altemately, if the pixel of notice is P14 or P15, both 
Ymax and Ymin are 100, and DIFmax is 50 while DIF 
min is —50, and only Condition 1 is established, and 
SELmax is active and SELmin is inactive, and the pixel 
value selector 5 delivers 100 as the pixel value, so that 
P14 and P15 are replaced to be flat relative to pixel 
values of the surrounding pixels. When the pixel of 
notice is P16 or P17, contrary to the case in which P14 
or P15 is the pixel of notice, only Condition 2 is estab 
lished, and SELmax is inactive and SELmin is active, 
and the pixel value selector 5 delivers 100 as the pixel 
value, and therefore P16 and P17 are replaced so as to 
be ?at relative to the pixel value of the surrounding 
pixels. 
When the pixel of notice is P18, DIFmax is 20, and 

DIFmin is —20, and neither Condition 1 nor 2 is estab 
lished, and the pixel value selector 5 delivers the pixel 
value of P18 directly, and the detail component in 
cluded in the original video signal is preserved. 

Finally the output as shown in FIG. 9(0) is obtained. 
Altemately, in a method other than the single plate 

color differential color method, if the pixel defect 
spreads in the horizontal direction, the pixel defects 
may be eliminated in such a constitution as in the second 
embodiment. 
What is claimed is: 
1. A pixel defect removing circuit comprising: 
a pixel value group sampler for receiving a video 

signal, and delivering a pixel value of a pixel of 
notice noted at a certain time t and a proximal pixel 
value group consisting of pixel values of a group of 
proximal pixels adjacent to the pixel of notice two 
dimensionally around the pixel of notice; . 

a candidate pixel value group sampler for delivering, 
as candidates for a pixel value to be ?nally deliv 
ered from said circuit, a group of plural candidate 
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pixel values from among the pixel values of said 
proximal pixel value group; 

a noise detector for performing an operation to deter 
mine, based on the pixel value of the pixel of notice 
and the candidate pixel values, whether the pixel 
value of the pixel of notice is a pulse noise and to 
determine which pixel value should be ?nally de 
livered from said circuit from among the pixel 
value of the pixel of notice and the candidate pixel 
values, and for delivering a pixel selection signal 
indicative of the pixel value which is determined to 
be ?nally delivered from said circuit; and 

a pixel value selector for selecting and delivering one 
pixel value from among the pixel value of the pixel 
of notice and the candidate pixel values on the basis 
of the pixel selection signal; 

wherein the pixel value group sampler passes an input 
signal through a multi-stage vertical delay circuit 
composed of a cascade connection of n scanning 
line delay units for delaying for a time correspond 
ing to one scanning line period, and picks up re 
spective signals from an input and output of the 
multi-stage vertical delay circuit and signal wires 
among the scanning line delay units, thereby creat 
ing m+l video signals delayed in every one scan 
ning line period, and each one of the generated 
m+l video signals is passed into a multi-stage hori 
zontal delay circuit composed of a cascade connec 
tion of in pixel delay units for delaying for a time 
corresponding to a display period of x pixels, and 
each signal is taken out of an input and output of 
n+1 multi'stage horizontal delay circuits and sig 
nal wires in the pixel delay units so as to obtain a 
group of pixel values of (n+1) by (m+1) pixels, 
and the pixel value of a speci?c position among the 
pixel value group is selected as the value of the 
pixel of notice, while the remaining pixel values are 
delivered as the proximal pixel value group, where 
x, m, n are integers equal to or greater than 1. 

2. A pixel defect removing circuit of claim 1, 
wherein, in the pixel value group sampler, m=n=2. 

3. A pixel defect removing circuit of claim 1, wherein 
both in and n are even numbers, and wherein the posi 
tion of the pixel of notice is in the two-dimensional 
center of said (n+1) by (m+ 1) pixels. 

4. A pixel defect removing circuit comprising: 
a pixel value group sampler for receiving a video 

signal, and delivering a pixel value of a pixel of 
notice noted at a certain time t and a proximal pixel 
value group consisting of pixel values of a group of 
proximal pixels adjacent to the pixel of notice two 
dimensionally around the pixel of notice; 

a candidate pixel value group sampler for delivering, 
as candidates for a pixel value to be ?nally deliv 
ered from said circuit, a group of plural candidate 
pixel values from among the pixel values of said 
proximal pixel value group; 

a noise detector for performing an operation to deter 
mine, based on the pixel value of the pixel of notice 
and the candidate pixel values, whether the pixel 
value of the pixel of notice is a pulse noise and to 
determine which pixel value should be ?nally de 
livered from said circuit from among the pixel 
value of the pixel of notice and the candidate pixel 
values, and for delivering a pixel selection signal 
indicative of the pixel value which is determined to 
be ?nally delivered from said circuit; and 
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10 
a pixel value selector for selecting and delivering one 

pixel value from among the pixel value of the pixel 
of notice and the candidate pixel values on the basis 
of the pixel selection signal; 

wherein Pr denotes a pixel value of a one of said 
group of proximal pixels which is located at a posi 
tion closest to the pixel of notice in a ?rst direction 
on a scanning line containing the pixel of notice, Pl 
denotes a pixel value of another one of said group 
of proximal pixels which is located at a position 
closest to the pixel of notice in a second direction 
opposite the ?rst direction on the scanning line, 
and Po denotes the pixel values of the proximal 
pixel value group excluding Pr and P1, and wherein 
the candidate pixel value group sampler delivers, as 
the candidate pixel values, a maximum pixel value 
from among Po and a smaller one of Pr and P1 and 
a minimum pixel value from among Po and a larger 
one of Pr and P1. 

5. A pixel defect removing circuit comprising: 
a pixel value group sampler for receiving a video 

signal, and delivering a pixel value of a pixel of 
notice noted at a certain time t and a proximal pixel 
value group consisting of pixel values of a group of 
proximal pixels adjacent to the pixel of notice two 
dimensionally around the pixel of notice; 

a candidate pixel value group sampler for delivering, 
as candidates for a pixel value to be ?nally deliv 
ered from said circuit, a group of plural candidate 
pixel values from among the pixel values of said 
proximal pixel value group; 

a noise detector for performing an operation to deter 
mine, based on the pixel value of the pixel of notice 
and the candidate pixel values, whether the pixel 
value of the pixel of notice is a pulse noise and to 
determine which pixel value should be ?nally de 
livered from said circuit from among the pixel 
value of the pixel of notice and the candidate pixel 
values, and for delivering a pixel selection signal 
indicative of the pixel value which is determined to 
be ?nally delivered from said circuit; and 

a pixel value selector for selecting and delivering one 
pixel value from among the pixel value of the pixel 
of notice and the candidate pixel values on the basis 
of the pixel selection signal; 

wherein Pmax denotes a maximum pixel value among 
the candidate pixel value group, and wherein the 
noise detector judges that the pixel value of the 
pixel of notice is a pulse noise when the pixel value 
of the pixel of notice is larger than Pmax and a 
difference between the pixel value of the pixel of 
notice and Pmax is larger than a predetermined 
threshold value, and delivers a selection signal 
indicating Pmax as the pixel value which should be 
?nally delivered from said circuit. 

6. A pixel defect removing circuit of claim 5, wherein 
the pixel value selector delivers Pmax when the selec 
tion signal indicates Pmax. 

7. A pixel defect removing circuit of claim 5, further 
comprising a means for changing the predetermined 
threshold value. 

8. A pixel defect removing circuit comprising: 
a pixel value group sampler for receiving a video 

signal, and delivering a pixel value of a pixel of 
notice noted at a certain time t and a proximal pixel 
value group consisting of pixel values of a group of 
proximal pixels adjacent to the pixel of notice two 
dimensionally around the pixel of notice; 
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a candidate pixel value group sampler for delivering, 
as candidates for a pixel value to be ?nally deliv 
ered from said circuit, a group of plural candidate 
pixel values from among the pixel values of said 
proximal pixel value group; 

a noise detector for performing an operation to deter 
mine, based on the pixel value of the pixel of notice 
and the candidate pixel values, whether the pixel 
value of the pixel of notice is a pulse noise and to 
determine which pixel value should be ?nally de 
livered from said circuit from among the pixel 
value of the pixel of notice and ‘the candidate pixel 
values, and for delivering a pixel selection signal 
indicative of the pixel value which is determined to 
be ?nally delivered from said circuit; and 

a pixel value selector for selecting and delivering one 
pixel value from among the pixel value of the pixel 
of notice and the candidate pixel values on the basis 
of the pixel selection signal; 

wherein Pmin denotes a minimum pixel value among 
the candidate pixel value group, and wherein the 
noise detector judges that the pixel value of the 
pixel of notice is a pulse noise when the pixel value 
of the pixel of notice is smaller than Pmin and a 
difference between the pixel value of the pixel of‘ 
notice and Pmin is larger than a predetermined 
threshold value, and delivers a selection signal 
indicating Pmin as the pixel value which should be 
?nally delivered from said circuit. 

9. A pixel defect removing circuit of claim 8, wherein 
the pixel value selector delivers Pmin when the selec 
tion signal indicates Pmin. 

10. A pixel defect removing circuit of claim 8, further 
comprising a means for changing the predetermined 
threshold value. 

11. A pixel defect removing circuit comprising: 
a pixel value group sampler for receiving a video 

signal, and delivering a pixel value of a pixel of 
notice at a certain time t and a proximal pixel value 
group consisting of pixel values of a group of proxi 
mal pixels adjacent to the pixel of notice two 
dimensionally around the pixel of notice; 

a candidate pixel value group sampler for delivering, 
as candidates for a pixel value to be ?nally deliv 
ered from said circuit, a group of plural candidate 
pixel values from among the pixel values of said 
proximal pixel value group; 

a noise detector for performing an operation to deter 
mine, based on the pixel value of the pixel of notice 
and the candidate pixel values, whether the pixel 
value of the pixel of notice is a pulse noise and to 
determine which pixel value should be ?nally de 
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12 
livered from said circuit from among the pixel 
value of the pixel of notice and the candidate pixel 
values, and for delivering a pixel selection signal 
indicative of the pixel value which is determined to 
be ?nally delivered from said circuit; and 

a pixel value selector for selecting and delivering one 
pixel value from among the pixel value of the pixel 
of notice and the candidate pixel values on the basis 
of the pixel selection signal, 

wherein Pmax and Pmin respectively denote a maxi 
mum pixel value and a minimum pixel value among 
the candidate pixel value group, and wherein the 
noise detector sets the selection signal to indicate 
Pmax when the pixel value of the pixel of notice is 
larger than Pmax and a difference between the 
pixel value of the pixel of notice and Pmax is larger 
than a ?rst predetermined threshold value, and sets 
the selection signal to indicate Pmin when the pixel 
value of the pixel of notice is smaller than Pmin and 
a difference between the pixel of value of the pixel 
of notice and Pmin is larger than a second predeter 
mined threshold value. 

12. A pixel defect removing circuit of claim 11, 
wherein the pixel value selector delivers Pmax and 
Pmin when the selection signals indicates Pmax and 
Pmin, respectively, and otherwise delivers the pixel 
value of the pixel of notice. 

13. A pixel defect removing circuit of claim 11, fur 
ther comprising a means for changing each of the ?rst 
and second predetermined threshold values. 

14. A pixel defect removing circuit of claim 11, 
wherein the candidate pixel value group sampler deliv 
ers, as the candidate pixel values, at least a maximum 
pixel value and a minimum pixel value from among the 
proximal pixel value group delivered from the pixel 
value group sampler. 

15. A pixel defect removing circuit of claim 11, 
wherein Pr denotes a pixel value of a one of said group 
of proximal pixels which is located at a position closest 
to the pixel of notice in a ?rst direction on a scanning 
line containing the pixel of notice, Pl denotes a pixel 
value of another one of said group of proximal pixels 
which is located at a position closest to the pixel of 
notice in a second direction opposite the ?rst direction 
on the scanning line, and Po denotes the pixel values of 
the proximal pixel value group excluding Pr and Pl, and 
wherein the candidate pixel value group sampler deliv 
ers, as the candidate pixel values, a maximum pixel 
value from among Po and a smaller one of Pr and P] and 
a minimum pixel value from among Po and a larger one 
of Pr and Pl. 
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